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D 3 ription 

This invention relates to alkaline-containing photoresist stripping connpositions that avoid or substantially eliminate 
metal corrosion on microcircuit substrates containing rrie^ and coated with cross-linked or hardened photoresist 

s resin. This invention also relates to a process for stripping photoresist from cross-linked or hardened substrates em- 
ploying alkallne^ontaining photoresist stripping compositions without incurring any^ubsta ntjal me tal corrosionjnmj- 
crocircuit substrates containing metal and which provides greatly improved strip rates, with consequent decrease in 
stripTimeTcompared to stripping compositions not containing the alkaline component. 

An integral part of microelectronic fabrication is the use of photoresists to transfer an image from a mask or reticle 

10 to the desired circuit layer. After the desired image transfer has been achieved, the photoresist is removed by stripping 
before proceeding to some subsequent process step. Since about 1980, amides and mixtures of amides with various 
co-solvents have routinely been used for this stripping step, see for example U.S. 4,395.479; U.S. 4.428.871 and U. 
S. 4,401 ,748. issued to Ward et al. 

Depending upon the type of pre-stripping processing that is performed while the photoresist is in place, the pho- 

15 toresist polymer may be cross-linked or hardened to the extent that amide-based solvents will no longer effectively 
strip the photoresist. Since about 1985, the use of amide mixtures containing additional alkaline components, such as 
organic amines {Johnson U.S. 4.592.787; Merrem U.S. 4.765.844; SIzensky U.S. 4,617.251; Turner WO 87/05314; 
Thomas et al. U.S. 4,791.043) or quaternary ammonium hydroxides (Steppan et al. U.S. 4.776,892; Haq U.S. 
4,744.834; Martin WO 88/05813) were introduced to facilitate the removal of such hardened photoresists. 

20 The use of these alkaline strippers on microcircuit substrates containing metal films, particularly aluminum or var- 

ious combinations or alloys of active metats such as aluminum or titanium with more electropositive metals such as 
copper or tungsten, has proven problematic. \^rious types of metal corrosion, such as corrosion whiskers, pitting, 
notching of metal lines, have been observed due. at least in part, to reaction of the metals with alkaline strippers. 
Further it has been shown, by Lee et al.. Proc. Interface '89. pp. 137-148. that very little corrosive action takes place 

25 until the water rinsing step that is required to remove the organic stripper from the wafer. The corrosion is evidently a 
result of contacting the metals with the strongly alkaline aqueous solution that is present during rinsing. Aluminum 
metal is known to corrode rapidly under such conditions - Ambat et al.. Corrosion Science. 33 (5). p. 684, 1992. 

In the past it has been proposed to circumvent this problem by employing intermediate rinses with non-alkaline 
organic solvents such as isopropyt alcohol. It would be desirable to avoid the expense and possible safety, chemical 

30 hygiene, and environmental consequences of such an intermediate rinse by eliminating this additional rinse by providing 

an effective stripper that does not require it. 

InU.S. Patent 5. 102.777. issued on April27. 1992 to Lin etal.. it is proposed to combat such corrosion by employing 
a positive photoresist stripper composition which includes a solvent system having solubility parameters which fall 
within a range of from about 8.5 to about 15 in an amount which falls within a range of about 65% to about 98%. tn 

35 addition, an amine is present in an amount of from about 2% to about 25% and also a fatty acid having 8 to 20. preferably 
10 to 16. carbon atoms in an amount of from about 0.1% to about 10% such that the amount of amine and fatty acid 
is selected to provide a pH of from about 6 to 9.5. preferably 7 to 8.5. However, while the positive photoresist stripping 
compositions disclosed in said patent were found to provide some beneficial effect vis-a-vis metal corrosion, these 
disclosed stripping compositions were not able to be used to satisfactorily strip hard-to-strip cross-linked or hardened 

40 photoresist resins. Moreover, in the one stripping formulation of the patent which is capable of stripping cross-linked 
photoresist resins, one is not able to prevent or avoid metal corrosion. These deficiencies and drawbacks of the stripping 
compositions of the Lin et al. patent are demonstrated in the Comparative Example set forth hereinafter in this speci- 
fication. 

It is therefore an object of this invention to provide alkaline-containing photoresist stnppers which do not require 
45 intermediate rinses to avoid metal corrosion and yet the photoresist strippers are still highly effective in stripping cross- 
linked or hardened photoresists. A further object of this invention is to provide such improved non metal corroding, 
alkaline-containing photoresist compositions without any undue adverse effect on strip rate of the photoresist for cross- 
linked or hardened photoresists. 

These objects are achieved by an alkaline-containing photoresist stripping composition comprising a stripping 
50 solvent, a nucleophilic amine and a non-nitrogen containing weak acid in an amount of about 0.05% to 25% sufficient 
to neutr^alize from about 1 9% to about 75% by weight of the nucleophilic amine such that the stripping composition has 
an aqueous pH of within the range of from about 9.6 to about 10.9. said weak acid having a pK value in aqueous 
solution of 2.0 or greater and an equivalent weight of less than 140. whereby said stripping composition is able to stnp 
hardened or highly cross-linked photoresist resin film from a substrate containing metal without producing any sub- 

55 stantial metal corrosion. 

The addition of certain non-nitrogen containing weak acids to alkaline strippers results in stripper compositions 
that yield considerably less alkaline solution during rinsing with pure water but nevertheless retain their ability to strip 
highly cross-linked or hardened photoresist films without producing any substantial undesirable metal corrosion. This 
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is especially surprising since more than half of the alkaline component can be neutralized with the weak acid without 
significantly adversely altering the stripping times or rates. It was also found that these lower pH aqueous solutions 
cause considerably less corrosion on metal than the water rinse solutions resulting from alkaline-containing strippers 
that are not modified via the weak acid addition of this invention. 

5 Furthermore, th photoresist strippers of this invention are able to satisfactorily strip hardened or cross^inked 

photoresist resins while producing substantially no undesirable metal corrosion. 

The non-nitrogen containing weak acids that may be employed in this invention include organics such as carboxylic 
acids or phenols as well as salts of inorganic acids such as carbonic or hydrofluoric acid. 

By weak acids is meant acids having a strength expressed as a "pK" for the dissociation constant in aqueous 

10 solution of at least 2.0 or higher, preferably 2.5 or higher Particularly useful are weak acids of pK > 2.0 and preferably 
having an equivalent weight of less than about 140. As examples of such non-nitrogen containing weak acids useful 
in this invention there may be mentioned, for example, carboxylic acids such as acetic acid, p hthalic acid and phe- 
noxyacetic acid, organic acids such as e.g. 2-mercaptobenzoic acid and 2-mercaptoethan6r phenols generally having 
pK in the range of from 9 to 10, such as e.g. phenol, 1 . 3, 5-trih yd roxy benzene, pyrogallol, resorcinol and 4-tert-buty!- 

15 catechol, and inorganic acids such as e.g. carbonic acid and hydrofluoric acid. 

The amount of weak acid employed in the stripping compositions of this invention Is from about 0.05% to about 
25% by weight of said composition so that the amount Is sufficient to neutralize about 19% to about 75% by weight of 
the amine present in the stripper composition thereby resulting In an aqueous rinse pH for said stripper compositions 
of from about pH 9.6 to about 10.9. 

20 Alkaline stripper components that may be used In this invention also cover a wide range of structural types. Their 

dissociation constants, once again expressed as pK values, range from about 9 to 11 for the beta-oxygen or -nitrogen 
substituted amines to 8.3 for the secondary amine, morphollne and hydroxylamines and hydroxylamine derivatives of 
somewhat lower pK values. Among the alkaline components that may be used there may be mentioned, nucleophilic 
amines, preferably for example, 1 -amino-2-propanol, 2-(2-amlnoethoxy)ethanol. 2-aminoethanol, 2-(2-aminoethylami- 

25 no)ethanol and 2-(2-aminoethylamino)ethylamine. 

More Important than the actual pK value of an amine is its nucleophitlcity which should be high. The amount of 
amine component employed in the stripping compositions of this invention is from about 1% to about 50% by weight 
of said composition. 

It Is believed that the interaction of these alkaline stripper components with the range of weak acids used In this 
30 invention is essentially reversible: 



alkaline component + acid 




salt-like complex. 



35 

Because of the reversibility of this reaction, substantial concentrations of the alkaline component would remain available 
during the stripping process even though much of the alkaline component has been neutralized from a stoichiometric 
point of view. This would account for the surprisingly rapid stripping rates that are observed even in the presence of 
40 these acids. 

The photoresist stripping compositions of this invention which contain the aforementioned alkaline component and 
weak acid component will also comprise an organic solvent system. The organic solvent system is one having a sol- 
ubility parameter of from about 8 to about 1 5. obtained by taking the square root of the sum of the squares of the three 
Hansen solubility parameters (dispersive, polar and hydrogen bonding). The solvent system may comprise any of a 
45 number of individual solvents or a mixture of several different solvents. As example of such solvents there may be 
mentioned, various pyrrolldlnone compounds such as e.g. 2-pyrrolidlnone, 1 -methyl-2-pyrrolldinone, 1 -ethyl-2-pyrro- 
lidlnone, 1 -propyl-2-pyrrolidinone, 1 -hydroxyethyl-2-pyrrolidinone and 1 -hydroxypropyl-2-pyrrolldinone, diethylene gly- 
col monoalkyi ethers such as those of the formula HOCH2CH2-O-CH2CH2-O-R where R is an alkyi radical of from 1 
to 4 carbon atoms, compounds containing sulfur oxides such as dialkyi sulfones of the formula 

so 



55 



O 

1 « 2 



3 
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where and ar alkyi of 1 to 4 carbon atoms, dimethyl sulfoxide (DMSO). tetrahydrothiophene-1 , 1 -dioxide com- 
pounds of the formula 



5 



10 




wherein R^ is hydrogen, methyl or ethyl, such as sulfolane, methyl sutfolane and ethyl sulfolane, as well as polyethylene 

75 glycols, dimethylacetamide or dimethyiformamide. The solvent system portion of the stripper compositions of this in- 
vention will generally comprise from about 50% to about 98% by weight (which encompasses the range of 49.95% to 
98% by weight) of the composition, preferably about 85% to about 98% by weight. 

The stripping compositions of this invention are effective in stripping a wide and varied range of photoresists es- 
pecially positive photoresists. Most photoresists consist of an ortho naphthoquinone diazide sulfonic acid ester or amide 

20 sensitizer or photoactive component, with novolak, resole, polyacrylamide or acrylic copolymer type binders or resins. 
Such photoresists are well known in the art. Such resists and sensitizers are described for example, in U.S. Patent 
Nos. 3,046.118; 3.046.121; 3,106.465; 3,201.239; 3,538,137; 3,666,473; 3,934,057; 3.984,582 and 4,007,047. As ex- 
amples of photoresist compositions for which the stripping composition of this invention may be used there may be 
mentioned KTt Chemicals photoresist KTI 820, KTI 825, KTI 875 and KTI 895i; J. T Baker Inc. photoresist 1-PR-21 

25 and E38; Olin Hunt WX-309, HiPR 6500 series photoresists and OiR 3712 photoresist; Hoechst Celanese photoresists 
521 4-E, AZ-5200and AZ-6212; Shipley Company photoresists MF-314, XP-8843, Megaposit SPR 500 and Megaposit 
SNR 248; Fuji Hunt Electronics photoresists FH 6450 and FX-EX1; Tokyo Ohka Kogyo Co. Ltd. photoresist THMR- 
iP800; MacDermid photoresist PR-1 024 MB; Dynachem Division of Morton International photoresists Nova 2000 series, 
e.g. Nova 2020 and Nova 2070; Japan Synthetic Rubber photoresist PFR 1X500EL; Sumitomo Chemical photoresist 

30 Sumiresist PFI-15; and Toray Industries photoresist PR-a1200. The examples illustrate the invention. 

EXAMPLE 1 

Silicon wafers were primed with hexamethyldisilazane and spun with about 1000 nm of J. T. Baker Inc. 1-PR-21 
35 photoresist. The wafers were then soft-baked for 30 min. at 95°C, then hard-baked for 60 min. at 200'C giving a highly 
cross-linked resist film. The wafers were then stripped at 95°C in the solutions listed below and the time at which the 
photoresist layer was fully stripped was recorded. These are shown below (plus or minus one standard deviation of 
the several replicate wafers that were used). The alkaline stripper used in this example comprised 90% of N-methyl- 
pyrrolidinone (NMP) and 10% of 1-amino-2-propanol. The acid used was ace tic ^ acid . Water rinse pH was determined 
40 at 19:1 dilution of these mixtures with deionized water and is also listed. The aluminum (foil coupons = 1 .5 x 1 .5 x . 
004 inches) corrosion weight loss shown was determined at 9:1 dilution with deionized water at room temperature for 
24 hours. 





Formulation 


Gm. acid/kg. 


Strip Time (sec) 


% Amine 


Water rinse pH 


Corrosion weight 


45 




formulation 




neutralized 




loss (%) 




NMP only 


0 


390 ± 50 










Alkaline stripper 


0 


107 ±5 


0 


11.6 


13 




Alkaline stripper 


10 


96 ±2 


12.5 


10.8 


5 


SO 


Alkaline stripper 


20 


104 + 9 


25 


10.4 


2 




Alkaline stripper 


30 


98 ±3 


37.5 


10.2 


1 




Alkaline stripper 


40 


98 ±7 


50 


9.9 


0.9 




Alkaline stripper 


50 


103±4 


62.5 


9.7 


0.4 



EXAMPLE 2 



This example was conducted according to the procedure of Example 1 except that the alkaline stripper comprised 



4 
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90% of dimethylformamide (DMF) and 10% of 2-{2-aminoethoxy)ethanol, the acid was phenol, and the stripping tem- 
perature was SS^C. 





Formulation 


Gm.acid/kg. 


Strip Time (sec) 


% Amine 


Water rinse pH 


Corrosion weight 


5 




formulation 




neutralized 




loss (%) 




DMF only 


0 


426 ± 44 










Alkaline stripper 


0 


• 47 ±2 


0 


11.2 


9.4 




Alkaline stripper 


10 


48±2 


11 


10.8 


4.8 


10 


Alkaline stripper 


20 


52 ±1 


22 


10.6 


3.4 




Alkaline stripper 


30 


54 ± 1 


33 


10.5 


3.8 




Alkaline stripper 


40 


55 ±1 


44 


10.4 


2.1 




Alkaline stripper 


50 


55 ±2 


55 


10.3 


2.4 



EXAMPLE 3 



This example was conducted according to the procedure of Example 1 except that the alkaline stripper comprised 
90% of dimethylacetamide (DMAc) and 1 0% of 2-aminoethanol, the acid was 1 . 3,5-trihydroxyben2ene. and the stripping 
temperature was 85°C. 

20 



Formulation 


Gm.acid/kg. 


Strip Time (sec) 


% Amine 


Water rinse pH 


Corrosion weight 




formulation 




neutralized 




loss (%) 


DMAc only 


0 


343 ±34 








Alkaline stripper 


0 


51 ±7 


0 


11.7 


16 


Alkaline stripper 


11 


56 + 2 


12.5 


11.0 


11 


Alkaline stripper 


22 


55 + 5 


25 


10.7 


9 


Alkaline stripper 


33 


53 + 3 


37.5 


10.6 


5 


Alkaline stripper 


44 


53 ±3 


50 


10.4 


4 


Alkaline stripper 


55 


61 ±2 


62.5 


10.3 


2 



EXAMPLE 4 

This example was conducted according to the procedure of Example 1 (alkaline stripper = 90% NMP and 10% 
1 -amino-2-propanol) except that the acid component was varied through a series of weak acids of various structural 
types. Stripping temperature was 85'C. 



Formulation 


Gm.acid/kg. 


Strip Time (sec) 


% Amine 


Water rinse pH 


Corrosion weight 




formulation 




neutralized 




loss(%) 


NMP only 


0 


648 








Alkaline stripper 


0 


219 + 31 


0 


11.6 


13 


(AS) 












AS + pyrogallol 


50 


231 + 15 


69 


10.3 


5 



Formulation 


Gm.acid/kg. 
formulation 


Strip Time (sec) 


% Amine 
neutralized 


Water rinse pH 


Corrosion weight 
(%) 


AS + resorcinol 


50 


251 ± 19 


68 


10.4 


4 


AS + 4-tert- 


70 


245 + 29 


63 


10.5 


0 


butylcatechol 










0.7 


AS + phthalic 


70 


238 + 36 


63 


9.7 


acid 












AS + 


100 


257 + 22 


49 


9.9 


1 


phenoxyacetic 












acid 
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EXAMPLE 5 

This example was conducted according to the procedure of Example 1 except that two different alkaline stripper 
systems were used: AS 1 = 90% dimethylacetamide (DMAc) + 10% 2-(2-aminoethylamino)ethanol with or without 
5 added acetic acid; AS 2 = 90% dimethylacetamide (DMAc) + 6% 2-(2-aminoethylamino)ethylamine with or without 
added phenol. Stripping temperature was SS^C. 





Formulation 


Gm.acid/kg. 
formulation 


Strip Time (sec) 


% Amine 
neutralized 


Water rinse pH 


Corrosion weight 
loss (%) 


10 


DMAc only 


0 


471 ±38 










AS1 


0 


97 ±2 


0 


11.4 


8 




AS 1 + acetic 


4 


149+10 


69 


9.6 


0.4 




acid 












15 


AS 2 


0 


242 ±48 


0 


11.4 


8 




AS 2 + phenol 


6 


226 ± 26 


53 


10.3 


3 



EXAMPLE 6 



2^ This example was conducted according to the procedure of Example 1 except that the alkaline stripper comprised 

90% of 2-pyrrolidinone and 10% 1-amino-2-propanol. the acid was aceticacid, and the stripping temperature was 
100°C. 





Formulation 


Gm. acid/kg. 


Strip Time (sec) 


% Amine 


Water rinse pH 


Corrosion weight 


25 




formulation 




neutralized 




loss (%) 




2-pyrrolldinone 


0 


491 ± 14 










only 














Alkaline stripper 


0 


201 ±9 


0 


11.5 


14 


30 


Alkaline stripper 


50 


221 ± 24 


62.5 


9.6 


0 



EXAMPLE 7 



This example was conducted according to the procedure of Example 1 except that three different alkaline stripper 
3S systems were used and the pH controlling materials were weak inorganic acids: AS 1 = 90% NMP + 10% 1-amino- 
2-propanol with or without added carbonic acid (generated via ammonium carbonate addition); AS 2 = 90% NMP +10% 
2-(2-aminoethoxy)ethanol with or without added 47% aq. hydrofluoric acid; AS 3 = 90% NMP + 10% 2-aminoethanol 
with or without added 47% aq. hydrofluoric acid. Stripping temperature was 85°C. 



50 



Formulation 


Gm.acid/kg. 


Strip Time (sec) 


% Amine 


Water rinse pH 


Corrosion weight 




formulation 




neutralized 




loss (%) 


NMP only 


0 


337 ±36 








AS1 


0 


135± 12 


0 


11.4 


10 


AS1 + carbonic 


26 


126± 16 


62 


10.0 


2 


acid 












AS 2 


0 


132 ±12 


0 


11.3 


9 


AS2 + HF 


9 


110±4 


49 


9.8 


2 


AS 3 


0 


67 ±3 


0 


11.5 


17 


AS 3 + HF 


16 


70 ±9 


50 


10.4 


3 



EXAMPLE 8 

In a manner similar to Example 4, the acid component was varied through a series of sulfur-containing acid types. 
In this example the alkaline stripper was 90% of N-methylpyrrolidinone (NMP) and 10% of 2-aminoethanol and the 
photoresist used was commercially available. KTI 895t photoresist. Processing was similar to the previously used Baker 
1-PR-21 including cross-linking at 200°C for 60 minutes. A stripping temperature of 95*^0 was utilized. 
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rormuiaiion 


formulation 


Strio Time fsec^ 


% Amine 
neutralized 


Water rinse pH 


Corrosion 
weight loss (%) 


NMP only 


0 


359 ±30 








Alkaline stripper 


0 


48±6 


0 


11.6 


14 


(AS) 










0.5 


AS + 


60 


86 ±3 


. 48 


10.2 


2-mercaptobenzotc 












acid 












AS + 


60 


49 ±3 


47 


10.4 


2 


2-nnercaptoethanol 













EXAMPLE 9 

This example was conducted in a manner similar to Example 1. The alkaline stripper was 90% N-methylpyrrolid- 
inone (NMP) and 1 0% 1 -amino-2-propanol plus 50 gm. acetic acid/kg. fomaulation. The effect of adding 1 0% by weight 
of various common stripper co-solvents was measured. Stripping temperature was 85*C. 



20 


Formulation 


Identity of 10% 
co-solvent 


Strip Time (sec) 


% Amine 
neutralized 


Water rinse pH 


Corrosion weight 
(%) 




NMP only 


none 


475 ±38 










Alkaline stripper 


none 


. 219±21 


62.5 


9.7 


0.7 


25 


(AS) 








9.7 


1 




AS + 


sulfolane 


290 ±4 


62.5 




AS + 


N- 


254 + 11 


62.5 


9.7 


0.9 






(2-hydroxyethyl) 














pyrrolidinone 










30 


AS + 


N-cyclohexyl- 


297 ±17 


62.5 


9.7 


0.4 






pyrrolidinone 













Formulation 


Identity of 10% 


Strip Time (sec) 


% Amine 


Water rinse pH 


Corrosion weight 


35 




co-solvent 




neutralized 




(%) 




AS + 


triethyleneglycol 


266 ±9 


62.5 


9.6 


0.9 






methyl ether 












AS + 


diethyleneglycol 


283 ±2 


62.5 


9.6 


1 


40 




ethyl ether 











This example shows that co-solvents may be added to these partially neutralized compositions with retention of 
the desired pH and corrosion properties and only a slight loss of stripping speed. 



45 EXAMPLE 10 

This example was conducted in a manner similar to Example 1 except that the alkaline stripper employed 90% 
dimethyl sulfoxide (DMSO) solvent and 10% of 1-amino-2-propanol. The acid employed was acetic acid. Stripping 
temperature was BO**C. 



Formulation 


Gm. acid/kg. 


Strip Time(sec) 


% Amine 


Water rinse pH 


Corrosion weight 




formulation 




neutralized 




loss (%) 


DMSO only 


0 


356 ±27 








Alkaline stripper 


0 


45 ±5 


0 


11.6 


11 


Alkaline stripper 


10 


53 ±9 


12.5 


10.7 


4 


Alkaline stripper 


20 


60 ±9 


25 


10.4 


2 



7 
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(continued) 



10 



Formulation 


Gm. acid/kg. 
formulation 


Strip Tlme(sec) 


% Amine 
neutralized 


Water rinse pH 


Corrosion weight 
loss (%) 


Alkaline stripper 


30 


84 ±8 


37.5 


10.1 


0.7 




Formulation 


Gm. acid/kg. 
formulation 


Strip Time(sec) 


% Amine 
neutrilized 


Water rinse pH 


Corrosion weight 
loss (%) 


Alkaline stripper 
Alkaline stripper 


40 
50 


70 ±10 
93 ±29 


50 
62.5 


9.9 
9.7 


0.4 
0.3 



COMPARATIVE EXAMPLE 

75 

This is a cx>mparative example of the six stripper compositions exemplified in column 5 of U.S. 5,102,777. The 
table in U. S. 5, 1 02,777 does not specify the processing conditions or the photoresist used. In this comparative example 
the cross-linked photoresist resin KTI 895i was used and baked at 200'*C for 60 minutes and stripped at a stripping 
temperature of 85-90*C, which approximates the degree of photoresist removal difficulty that is commonly encountered 
in current integrated circuit fabrication and is typical of the conditions used in the examples of this invention. An example 
of a stripping composition with only N-methylpyrrolidinone is included as a basis for comparison. 



25 



30 



40 



Solvent 


Acid 


Amine 


Strip Time 


% Amine 


Water rinse pH 


Corrosion 








(sec) 


neutralized 




weight loss 














(%) 


100% NMP 


none 


none 


>900b 








95% NMP 


.5%capric 


4.5% TEA 


>900a 


10 


9.1 


0.7 


95% DE 


.5% capric 


4.5% TEA 


>1800b 


10 


8.8 




50% NMP/ 


.5%capric 


3% TEA 


> 1800b 


14 


8.7 




46.5% DE 














50% NMP/ 


.5% lauric 


3% DGA 


> 1800b 


* 


water insoluble 




46.5% BLO 














50% NMP/ 


.5% lauric 


3% DEA 


>1800b 


9 


10.0 




46.5% DE 














70% NMP/ 


.5% lauric 


4.5% MPA 


92a 


4 


11.5 


16 


25% DMAc 














69.8% NMP/ 


.7% acetic 


4.5% MPA 


127a 


19 


11.1 


7 


25% DMAc 














94.8% NMP 


.7% acetic 


4.5% Ml PA 
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NMP = N-methylpyrrolidinone 

DE = dielhyleneglycol monobutyl ether 

BLO = gamma-butyrolactone 

DMAc = dimethylacetamide 

TEA = tfiethanolamine 

DGA = diglycolamine ([2-aminoethoxy]-elhanol) 
DEA = diethanotamine 

MPA = monopropanolamine {3-aminopropanol) 
50 MIPA = monoisopropanolamine (1-afnino-2-propanoO 

♦ BLO reacts with DGA at room temperature forming an amide, thus no amine is present to neutralize 
a = strip temperature of 85*C 
b = strip temperature of SO'C. 

Evidently rather mild processing conditions are in use for the examples in U.S. 5,102,777 (center section of the 
foregoing data) since the first five of said stripping compositions do not strip cross-linked photoresists and are essentially 
equivalent to unmodified NMP in stripping ability The only stripping composition example of U.S. 5,102,777 capable 
of removing this KTI 895i resist (the sixth entry in the center section of the foregoing data) also caused considerable 
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aluminum corrosion (16% weight loss). This is due to insufficient neutralization (4%) of the amine present resulting in 
apH of 11.5. 

The last three stripper examples of the foregoing table are within the scope of the piesent invention, which dem- 
onstrates the ability of the stripping compositions of this invention to strip cross-linked photoresists with reduced levels 
5 of aluminum corrosion. 

In each of the foregoing examples of stripping compositions according to this invention, addition of the alkaline 
material to the solvent decreases the strip time (increases the strip rate) markedly demonstrating that alkaline strippers 
are effective for highly cross-linked photoresists. iHowever, neutralization of a substantial portion of these alkaline 
materials, over the broad range of solvent, base, and acid types utilized in Examples 1-10, unexpectedly gives new 
10 formulations that retain this property of stripping cross-linked resists. At the same time these formulations yield rinse 
water of considerably lower pH. The lower rinse pH resulting from these modified photoresist stripper formulations 
gives dramatically less aluminum metal corrosion. Other metals and metal combinations that are subject to alkaline 
corrosion would be expected to show similar improved behavior 

With the foregoing description of the invention, those skilled in the art will appreciate that modifications may be 
15 made to the invention without departing from the spirit thereof. Therefore, it is not intended that the scope of the 
invention be limited to the specific embodiments illustrated and described. 

Claims 

20 

* 1 . An alkaline-containing photoresist stripping composition comprising a stripping solvent, a nucteophilic amine and 
a non-nitrogen containing weak acid in an amount of about 0.05% to about 25% sufficient to neutralize from about 
19% to about 75% by weight of the nucleophilic amine such that the stripping composition has an aqueous pH of 
within the range of from about 9.6 to about 10.9. said weak acid having a pK value in aqueous solution of 2.0 or 
25 greater and an equivalent weight of less than 1 40, whereby said stripping composition is able to strip hardened or 

highly cross-linked photoresist resin film from a substrate containing metal without producing any substantial metal 
corrosion. 

2. An alkaline-containing photoresist stripping composition according to claim 1 wherein: 

30 

the stripping solvent is a stripping solvent system having a solubility parameter of from about 8 to about 15 
and is present in an amount of from about 50% to about 98% by weight of the stripping composition; and 
the nucleophilic amine is present in an amount of from about 1 to about 50% by weight of the stripping com- 
position. 

35 

3. An alkaline-containing photoresist stripping composition according to any one of Claims 1 or 2 wherein the weak 
acid has a pK of 2.5 or higher and is selected from the group consisting of acetic acid, phthalic acid. 2-mercapto- 
benzoic acid, 2-mercaptoethanol, 1,3,5-trihydroxybenzene, pyrogallol. resorcinol, 4-tert-butylcatechol, carbonic 
acid and hydrofluoric acid, and/or the amine is selected from the group consisting of 1 -amino-2-propanol, 2-(2-ami- 

40 noethoxy)ethanol, 2-aminoethanol. 2-(2-aminoethylamino)ethanol and 2-(2-aminoethylamino)ethylamine. 

4. An alkaline-containing photoresist stripping compos it ion according to any one of Claims 1 to 3 wherein the stripping 
solvent comprises one or more solvents selected from the group consisting of 2-pyrrolidinone, 1 -methyl-2-pyrro- 
lidinone, 1 -ethyl-2-pyrrolidinone, 1-propyl-2-pyrrolidinone, 1 -hydroxy ethyl-2-pyrrolidinone, 1 -hydroxypropyl-2-pyr- 

45 rolidinone, diethylene glycol monoatkyi ethers of the formula 

HOCHgCHg-O-CHgCHg-O-R 
50 where R is an alkyl radical of from 1 to 4 carbon atoms, dialkyi sulfones of the formula 

O 

1 « 2 

II 
O 
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where and are alky I of 1 to 4 carbon atoms, dimethyl sulfoxide, tetrahydrothiophene-1 ,1 -dioxide compounds 
of the formula 



5 




wherein R^ is hydrogen, methyl or ethyl, a polyethylene glycol, dimethylacetamide and dimethylformamide. 

J5 5. An alkaline-containing photoresist stripping composition according to any one of Claims 1 to 4 wherein said com- 
position comprises on a weight basis from about 50% to about 98% by weight of N-methylpyrrolidinone, from about 
1 to about 50% of an amine selected from 1-amino-2-propanol, 2-(2-aminoethoxy)ethanol and 2-aminoethanol 
and from about 0.05% to about 25% of acetic acid present in an amount whereby the amine is neutralized such 
that the stripping composition has an aqueous pH within the range of from about pH 9.6 to about 10.9. 

20 

6. A method of stripping highly cross-linked or hardened photoresist resin from a substrate with a photoresist stripping 
composition using the alkaline-containing photoresist stripping composition according to any one of Claims 1 to 5 
as the photoresist stripping composition. 

25 

Patentanspruche 

1 . Alkalihaltige Photoresist-Stripper-Zusammensetzung, umfassend ein Strippertosungsmittel, ein nucteophiles Amin 
und eine nicht-stickstoffhaltige schwache Saure in einer Menge von etwa 0,05 bis etwa 25%, die ausreicht, um 

30 etwa 19 bis etwa 75 Gew.-% des nucleophilen Amins zu neutralisieren, so da3 die Stripper-Zusammensetzung 

einen waBrigen pH-Wert im Bereich von etwa 9,6 bis etwa 10,9 besitzt, wobei die schwache Saure einen pK-Wert 
in waBriger Losung von 2,0 oder mehr aufweist und ein Aquivalentgewicht von weniger als 140 hat, wodurch die 
Stripper-Zusammensetzung einen geharteten oder hochgradig vernetzten Photoresistharzfilm von einem metall- 
haltigen Substrat ablosen kann, ohne daB wesentliche Metallkorrosbn hervorgerufen wird. 

35 

2. Alkalihaltige Photoresist-Stripper-Zusammensetzung nach Anspruch 1 , in der 

das Stripperlosungsmittel ein Stripperlosungsmittelsystem mit einem Loslichkeitsparameter von etwa 8 bis 
etwa 1 5 ist und in einer Menge von etwa 50 bis etwa 98 Gew.-% der Stripperzusammensetzung vorhanden ist; 
40 und 

das nucteophile Amin in einer Menge von etwa 1 bis etwa 50 Gew.-% der Stripper-zusammensetzung vor- 
handen ist. 

3. Alkalihaltige Photoresist-Stripper-Zusammensetzung nach einem der Anspruche 1 oder 2, in der die schwache 
45 Saure einen pK-Wert von 2,5 oder mehr aufweist und aus Essigsaure, Phthalsaure, 2-Mercaptobenzoesaure, 

2-Mercaptoethanol, 1,3,5-Trihydroxybenzol, Pyrogallol, Resorcin, 4-tert-Butylcatechin, Kohtensaure und Fluor- 
wasserstoffsaure ausgewahtt wird und/oder das Amin aus 1 -Amino-2-propanol, 2-(2-Aminoethoxy)ethanol, 2-ami- 
noethanol, 2-(2-Aminoethylamino)ethanol und 2-{2-Aminoethylamino)ethylamin ausgewahit wird. 

so 4. Alkalihaltige Photoresist-Strlpper-Zusammensetzung nach einem der Anspruche 1 bis 3, in der das Stripperlo- 
sungsmittel ein Oder mehrere Losungsmittel umfaBt, ausgewahit aus 2-PyrroIidinon. 1-xlethyl-2-pyrrolidinon, 
1 -Ethyl-2-pyrrolidinon, 1 -Propyl-2-pyrrolidinon, 1 -Hydroxyethyl-2-pyrrolidinon, 1 -Hydroxypropyl-2-pyrrolidinon, 
Diethylenglycolmonoalkylethern der Formel 

HOCH2CH2-O-CH2CH2-O-R, 
wobei R einen Alkylrest mit 1 bis 4 Kohlenstoffatomen bedeutet, Diaikylsulfonen der Formel 
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5. 

2S 

6. 

30 



wobei und R2 Alkylreste mit 1 bis 4 Kohlenstoffatomen bedeuten, Dimethylsulfoxid. Tetrahydrothiophen-l.l-di- 
oxidverbindungen der Formel 



wobei R3 ein Wasserstoffatom, eine Methyl- oder Ethytgruppe bedeutet. einem Polyethylenglycol. Dimethytacet- 
amid und Dimethylformamid. 

Alkalihaltige Photoresist-Stripper-Zusammensetzung nach einem der Anspruche 1 bis 4, wobei die Zusammen- 
setzung. bezogen auf das Gewicht, etwa 50 bis etwa 98 Gew.-% N-Methylpyrrolidinon, etwa 1 bis etwa 50% eines 
Amins, ausgewahit aus 1-Annino-2-propanoi, 2-(2-Anninoethoxy)ethanoi und 2-Aminoethanol, und etwa 0,05 bis 
etwa 25% Essigsaure, die in einer Menge vorhanden ist. bei der das Amin neutralisiert wird, so da3 die Stripper- 
zusammensetzung einen wa3rigen pH-Wert im Bereich von etwa 9,6 bis etwa 10,9 besitzt. umfa3t. 

Verfahren zum Ablosen vonn hochgradig vernetztenn oder gehartetem Photoresistharz von einem Substrat mit 
einer Photoresist-Stripper-Zusammensetzung unter Verwendung der alkalihaltigen Photoresist-Stripper-Zusam- 
mensetzung nach einem der Anspruche 1 bis 5 als die Photoresist-Stripper-Zusammensetzung. 



Composition de d6capage alcaline pour reserve photographique comprenant un solvant de d6capage. une amine 
nucleophile et un acide faible ne contenant pas d'azote en une quantity d'environ 0,05 % a environ 25 % suffisante 
pour neutraliser environ 19%^ environ 75 % en poids de I'amine nucleophile de telle sorte que la composition de 
decapage ait un pH aqueux dans la gamme d'environ 9,6 a environ 10,9, cet acide faible ayant une valeur de pK 
en solution aqueuse de 2,0 ou plus et un poids d'6quivalents inferieur h 140, ladite composition de d§capage 
pouvant ainsi d§caper un film de resine de photor6serve photographique durci ou fortement reticule tf un substrat 
contenant un m§tal sans produire de corrosion metallique importante. 

Composition de decapage alcaline pour reserve photographique suivant la revendlcation 1 , dans laquelle : 

le solvant de decapage est un systeme solvant de decapage ayant un parametre de solubilite d'environ 8 h 
environ 15 et est present en une quantity d'environ 50 % k environ 98 % en poids de ta composition de 
decapage; et 

I'amine nucleophile est presente en une quantity d'environ 1 k environ 50 % en poids de la composition de 
d6capage. 

Composition de decapage alcaline pour reserve photographique suivant I'une ou I'autre des revendications 1 et 
2; dans laquelle i'acide faible k un pK de 2,5 ou plus et est choisi dans le groupe comprenant I'acide ac6tique, 
I'acide phtalique, I'acide 2-mercapto-benzoique, le 2-mercaptoethanol, le 1,3.5-dihydroxybenz6ne, le pyrogallol. 
le r^sorcinol. le 4-tert-butylcat6chol. Tacide carbonique et I'acide fluorhydrique et/ou I'amine est choisie dans I 
groupe comprenant le 1-amino-2-propanol, le 2-(2-aminoethoxy)ethanol, I 2-amino6thanoI. le 2-(2-aminoethyla- 
mino)6thanol et la 2-{2-amino6thylamino)6thylamin . 
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Composition de d6capage alcaline pour reserve photographique sulvant I'une quelconque des revendications 1 a 
3, dans laquelle le solvant de d6capage comprend un ou plusieurs solvants choisis dans le groupe comprenant 
Ia2-pyrrolidinone, la 1-m6thyl-2-pyrroIldinone, la 1-ethyl-2-pyrrolidinone, la 1-propyl-2-pyrrolidinone, la 1 -hydroxy 
6thyl-2-pyrrolidlnone, la 1-hydroxypiropyl-2-pyrrolidinone, les ethers monoalkyliques de diethyldne glycol de la for- 
nnule 

HOCHgCHg-O-CHgCHg-O-a 
dans laquelle R est un radical alkyle de 1 ^ 4 atomes de carbone, les dialkyi sulfones de !a formule 

0 

11 

dans laquelle Ri et R2 sont des radicaux aikyle de 1 a 4 atomes de carbone, le dimethyl sulfoxyde, les composes 
de tetrahydrothioph6ne-1,1-dioxyde de la formule 




dans laquelle R^ repr6sente de I'hydrog^ne, du m^thyle ou de r^thyle. un polyethylene glycol, le dimethylac6tamide 
et le dimethyl formamide. 

Composition de d6capage alcaline pour reserve photographique suivant I'une quelconque des revendications 1 k 
4, dans laquelle ladite composition comprend sur une base pond6rale environ 50 % a environ 98 % en poids de 
N-m6thylpyrrolidinone. environ 1 ^ environ 50 % d'une amine choisie parmi le 1-amlno-2-propanol, le 2-(2-ami- 
noethoxy)ethanol et le 2-aminoethanol et environ 0,05 % k environ 25 % d'acide acetique present en une quantite 
telle que I'amine soit neutralis6e de telle sorte que la composition de decapage ait un pH aqueux dans la gamme 
d'environ de pH 9,6 k environ 10,9. 

Precede de decapage d'une resine de reserve photographique fortement reticul6e ou durcie d'un substrat avec 
une composition de decapage pour resen/e photographique utilisant la composition de decapage alcaline pour 
reserve photographique suivant I'une quelconque des revendications 1 k 5 comme composition de decapage de 
reserve photographique. 



